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PURPOSE: To provide a polarization modulatable semiconductor laser easy to 
manufacture capable of suppressing chirping. 

CONSTITUTION: This laser is the polarization modulatable semiconductor 
laser having an optical waveguide 103 allowing two polarizing modes 
independent of each other and a distribution feedback type resonator 107. 
The iaser is provided with independently controllable gain area and losis area, 
and is constituted so that polarization dependency is imparted to the loss 
spectrum of the whole resonator by controliing at least the loss area between 
the gain area and the loss area, and is constituted so that two polarizing, 
modes are selected optionally. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor laser which is characterized by to be the optical waveguide which permits two 
mutually-independent polarization modes, and the semiconductor laser which has a distribution feedback mold 
resonator, to have the gain field in which an independent control is possible, and a loss field, to be constituted so 
that a polarization dependency may give the loss spectrum of the whole resonator by controlling this loss field at 
least among this gain field and this loss field, and to be constituted so that two polarization modes may choose as 
arbitration and in which a polarization modulation is possible. 

[Claim 2] Semiconductor laser according to claim 1 characterized by to perform at least one side of controlling 
the carrier consistency poured into the barrier layer of controlling the electrical potential difference impressed to 
a loss field in order to use the supramolecular structure represented by the quantum well structure of having the 
Stark effect in slight quantum closing depth in a part of optical waveguide of a loss field in order to give a 
polarization dependency to the loss sptectrum of said whole resonator and to choose polarization mode as 
arbitration, and a gain field. 

[Claim 3] Semiconductor laser according to claim 1 characterized by performing at least one side of controlling 
the carrier consistency poured into the barrier layer of controlling the electrical potential difference impressed to 
a loss field in order to use for a part of optical waveguide of a loss field the structure of having an Franz-Keldish 
effect in order to give a polarization dependency to the loss spectrum of said whole resonator, and to choose 
polarization mode as arbitration, and a gain field. 

[Claim 4] Semiconductor laser according to claim 1 characterized by controlling the carrier consistency poured 
into the barrier layer of a gain field in order to load a metal in the front face of a loss field in order to give a 
polarization dependency to the loss spectrum of said whole resonator, and to choose polarization mode. 
[Claim 5] Semiconductor laser according to claim 1 to 4 characterized by being constituted so that said gain field 
may give a polarization dependency to the gain in two polarization modes. 

[Claim 6] the well of the quantum well from which the structure of the barrier layer of a gain field has multiplex 
quantum well structure, and constitutes it in order to give a polarization dependency to the gain in said two 
polarization modes — the thickness of a layer and a barrier layer^^and a presentation and distortion "stress r-H the 
semiconductor laser according to claim 5 characterized by one differing from other quantum wells even if few. 
[Claim 7] The optical network characterized by arranging a polarizer to the outgoing radiation side of this laser, 
and using only specific polarization to the semiconductor laser according to claim 1 to 6 used as the oscillation 
light source. 

[Claim 8] The optical network characterized by receiving to coincidence the light from which the light light and 
the polarization by which outgoing radiation is carried out cross at right angles mutually is sent out to coincidence 
in a transmission line, and this polarization differs by the receiving side from the semiconductor laser according to 
claim 1 to 6 used as the oscillation light source. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical network using the light source and it which are used 
for optical communication, optical information processing, etc. 

[0002] • 
[Description of the Prior Art] Many troubles have been solved with large-capacity-izing of an optical- 
communication technique. The phenomenon in which the refractive-index fluctuation by the carrier ununiformity 
distribution in the device at the time of the high-speed intensity modulation called the so-called char ping makes 
a transmission oscillation wave distorted has not necessarily come [ however, ] to be solved. Usually, the trouble 
by a char ping being large is the following two points. 

(1) Cause the increment in an error rate as a modulation rate increases, and restrict the modulation rate of a 
device, and a communicative transmission distance. 

(2) Since the large filter of a pass band must be used because line breadth increases as a modulation rate 
increases, a limit of the wavelength many load resultant pulse numbers of optical communication arises. 
[0003] The mainstream approach used now in order to reduce a char ping drives semiconductor laser by CW 
(continuous action), and performs intensity modulation by the external modulator with a dielectric or a semi- 
conductor. By this approach, while there is a limitation in a miniaturization and low-pricing of a device, it cannot 
be said that the flexibility (the high level of the capacity that the signal with which modulation rates differ greatly 
can be transmitted to coincidence etc.) of an optical network is also high. 

[0004] On the other hand, there are an approach to which the plane of polarization of the oscillation light of a 
device is made to switch as an option according to a signal, and the so-called polarization becoming [ irregular] 
method (for example, indicated by JP.62-42593.A or JP.62-144426.A). This main point is as follows. As shown in 
drawing 1 4 . the semiconductor laser which has the property which polarization reverses from the TM mode to 
the TE mode with a certain current value is used. And the TE mode and the TM mode switch the threshold gain 
of TE and TM according to the signal current (modulation current) by making into a bias point the current value 
which carries out a coincidence oscillation, and send out only the light which polarized in the specific direction 
with the polarizer to a transmission line, (since the optical consistency of semiconductor laser is fixed also during 
a modulation, and a drive current is always about 1 law and is not turned on and off), the polarization becoming 
[ irregular ] method has the essential advantage that carrier fluctuation accompanying a modulation can also be 
made very small. However, in the conventional example, it is not clearly shown at all about the concrete structure 
of such laser. 

::[0005] ■ ■ V- . \ v...;" 

[Problem(s) to be Solved by the Invention] Since, only the polarization dependency of gain was mainly used . in the- 
case of the conventional direct polarization modulation technique, it was difficult to make small the difference of 
the threshold gain of the TE mode and the TM mode. Consequently, there were the following troubles. 

(1) The fields (a drive current, an optical output, operating temperature, oscillation wavelength, extinction ratio, 
etc.) which can carry out a direct polarization modulation are narrow to stability. 

(2) The degree of freedom of a design is narrow, and since the precision prescribe over manufacture is severe, 
the component yield is low. 

(3) Since the operating current consistency is high, a component life is short. 

(4) Since the stability of line breadth is bad, a burden is placed on a wavelength filter. 

[0006] The general purpose of this invention can stop a char ping, and is to offer the optical network, especially 
wavelength multiplexing light network using easy semiconductor laser and easy it of production. 
[0007] The 1st purpose (it corresponds to claim 1) of this invention can stop a char ping, and its operating range 
is wide and, more specifically, is to offer the easy polarization modulation semiconductor laser of production. The 
2nd purpose (it corresponds to claims 2, 3, and 4) of this invention is to offer the easy polarization modulation 
laser of production. The 3rd purpose (it corresponds to claims 5 and 6) of this invention is to offer the large 
semiconductor laser of the range which can be polarization modulated. High density wavelength multiplexing is 
possible for the 4th purpose (it corresponds to claims 7 and 8) of this invention, and it is in offering a high speed 
and the optical network which can be transmitted over long distances. 
[0008] 
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[Means for Solving the Problem and its Function] The semiconductor laser which attains the general purpose and 
the 1st general purpose of this invention and in which a polarization modulation is possible They are.the optical 
waveguide which permits two mutually-independent polarization modes, and the semiconductor laser which has a 
distribution feedback mold resonator. It has the gain field in which an independent control is possible, and a loss 
field (respectively at least one). A polarization dependency is given to the loss spectrum of the whole resonator 
by controlling this loss field at least among this gain field and this loss field (or). It is characterized by doing loss, 
being constituted only to specific polarization mode, and being constituted so that two polarization modes may be 
chosen as arbitration, 

[0009] The semiconductor laser which attains the 2nd purpose of this invention and in which a polarization 
modulation is possible In order to give a polarization dependency to the loss spectrum of said whole resonator, 
the supramolecular structure represented by the quantum well structure of having the Stark effect (QCSE) in 
slight quantum closing depth in a part of optical waveguide of a loss field is used. In order to choose polarization 
mode as arbitration, it is characterized by performing at least one side of controlling the carrier consistency 
poured into the barrier layer of controlling the electrical potential difference impressed to a loss field, and a gain 
field. Moreover, in order to use for a part of optical waveguide of a loss field the structure of having an Franz- 
Keldish effect (the F-K effectiveness) in order to give a polarization dependency to the loss spectrum of said 
whole resonator, and to choose polarization mode as arbitration, it is characterized by performing at least one 
side of controlling the carrier consistency poured into the barrier layer of controlling the electrical potential 
difference impressed to a loss field, and a gain field. Moreover, in order to load a metal in the front face of a loss 
field in order to give a polarization dependency to the loss spectrum of said whole resonator, and to choose 
polarization mode, it is characterized by controlling the carrier consistency poured into the barrier layer of a gain 
field. 

[0010] The semiconductor laser which attains the 3rd purpose of this invention and in which a polarization 
modulation is possible is characterized by the thing to which said gain field gives a polarization dependency to the 
gain in two polarization modes (or gain is given only to specific polarization mode) and which is constituted like, 
moreover, the well of the quantum well from which the structure of the barrier layer of a gain field has multiplex 
quantum well structure, and constitutes it in order to give a polarization dependency to the gain in said two 
polarization modes — the thickness of a layer and a barrier layer, and a presentation and distortion stress — 
even if few, one is characterized by differing from other quantum wells. 

[0011] The optical network which attains the 4th purpose of this invention is characterized by arranging a 
polarizer to the outgoing radiation side of this laser, and using only specific polarization to the above-mentioned 
semiconductor laser used as the oscillation light source. Moreover, the light light and the polarization by which 
outgoing radiation is carried out cross at right angles mutually from the above-mentioned semiconductor laser 
used as the oscillation light source is sent out to coincidence in a transmission line, and it is characterized by 
receiving to coincidence the light from which th^ polarization differs in a receiving side. ' . 

[001 2] Next, the conditions for which the laser for a polarization modulation is asked are explained briefly. The 
oscillation wavelength of semiconductor laser is determined by the following oscillation conditional expression. 
** and gth= ** -alpha in+alpha M+a!pha SC ... (1) 
It is here and they are alphaM=1 / 2 Leff-In (1 / R1.1/R2). 

exp(i- (2 neff-Leff/lambda+phi)) =0 ... (2) here — ** — loss (scattering loss, joint loss, etc.) of optical 
confinement factor gth.-threshold gain alphain:intemal-loss alphaMreflection loss alphaSC:others to :barrier layer 
effectual reflection factor neff: seen from one in Ri:resonator — effectual refractive-index Leff: of waveguide — 
effectual cavity length lambda:oscillation wavelength phi: — it is a phase. 

[0013] In addition, TM-gTMth having mutually-independent polarization mode, for example, the TE mode, and the 
TM mode in the semiconductor laser for a direct polarization modulation with the threshold gain equal to it as 
another conditions, i.e., ** TE and gTEth= ** TM-gTMth, ... (3) 
It 

[0014] The main point of this invention is controlling a gain spectrum and a loss (resonator) spectrum 
independently, tends to raise the tolerance of a design and tends to raise the manufacture yield while raising the 
property of a device. 

[0015] The configuration which attains the 1st purpose of the above has the following description. 

1) The aforementioned (1) - (3) type can be satisfied reasonable to use and control the polarization dependency 
of both a gain field and a loss field. 

2) A polarization modulation can be performed by switching polarization mode by superimposing an electrical 
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signal on a gain fietd, a loss field, or its both. 

[0016] The 1st configuration which attains the 2nd purpose of the above has the following description. 

1) It is known that QCSE can change the polarization dependency of distribution to a high speed. 

2) Since a polarization dependency can be given to the whole loss spectrum by using for a loss field the 
waveguide which has QCSE. the above-mentioned (1) - (3) type can be filled to coincidence. 

3) It can use for selection in the two modes which can modulate loss at a high speed by QCSE. 

4) Since gain or a phase is changeable by changing a carrier consistency, two polarization modes can be used for 
a high-speed change. 

[0017] The 2nd configuration which attains the 2nd purpose of the above has the following description. 

1) It is known that the F-K effectiveness can change distribution to a high speed. 

2) A polarization dependency can be given to the whole loss spectrum by using for a loss field the waveguide 
which has the F-K effectiveness. 

[0018] The 3rd configuration which attains the 2nd purpose of the above has the following description. 

1) By loading a metal membrane in the waveguide front face of a loss field, loss can be done only to the TM mode. 

2) A polarization modulation can be performed by controlling a gain profile by the gain field. 
[0019] The configuration which attains the 3rd purpose of the above has the following description. 

1) Unsymmetrical distortion quantum well structure has the degree of freedom which carries out adjustable [ of 
the band gap ] compared with symmetry quantum well structure. 

2) It can carry out adjustable [ of the band gap ] alternatively to the TE mode and the TM mode further by 
introducing distortion asymmetrically. This means that the gain generated by the same impregnation carrier 
consistency to the same barrier layer can be set as the threshold gain of the TE mode and each TM mode. 
Consequently, a threshold carrier consistency can be set as a modulation bias point, and the optical output which 
carried out polarization switching can be obtained by superimposing a signal on an inrush current 

[0020] The configuration which attains the 4th purpose of the above has the following description. The 
semiconductor laser in which the polarization modulation of this invention is possible can be used replacing it with 
the conventional light source. 
[0021] 
[Example 1] 

(MQW+MQW) Drawing 1 is the sectional view of the direction of a resonator of the 1 st example of the 
semiconductor laser in which the polarization modulation of this invention is possible. It is trichotomized in the 
direction of a resonator and has become the gain field 1 , the gain field 2, and a loss field, respectively. Although 
each field is electrically independent, it has joined together through the common lightguide layer 103 optically. The 
concrete lamination is as follows. For the n mold InGaAsP lightguide layer and 104a to which 101 mentioned the n 
mold InP substrate above, and an n mold InP cladding layer and 103 mentioned 102 above,, in drawing 1 , an 
undoping GalnAsP barrier layer and 104b of an undoping GalnAsPi loss layer and .105 are.[ a p mold lnPvcladding 
layer and 106 ] p mold InGaAsP contact layers. Furthermore, 107 is a grating which has lambda / 4 phase shifts - 
which were formed in the boundary of n mold cladding layer 102 and n mold lightguide layer 103, and, as for 108a- 
108c, a positive electrode and 109 are the negative electrodes. The areflaxia (AR) coat 1 12 was given to the 
both-ends side. The pitch of a grating 107 is set up so that the TM mode of the Bragg wavelength may become a 
gain peak. The structure of barrier layer 104a and loss layer 104b presupposed that it is the same in this example. 
drawing 2 which shows the energy band gap structure of barrier layer 104a and loss layer 104b — setting — the 
well — in thickness, lOnm and the barrier layer 122 consist of InGaAsP (wavelength presentation of 1.1 
micrometers) by a layer 121 consisting of InGaAs (1.0% of hauling distortion), thickness is lOnm. further, the SCH 
layer 123 consists of InGaAsP (wavelength presentation of 1.2 micrometers), and thickness is lOOnm. The number 
of wells was made into five periods. 

[0022] Next, the principle of operation is explained. Drawing 3 shows the relation of the gain (correctly **-g) and 
resonator loss (** -alpha in+alpha M+alpha SC) over the TE mode and the TM mode when pouring a carrier (- 
1018cm- 3) into the gain fields 1 and 2 equally (for wavelength, lambdaTMBragg, and lambdaTEBragg, the TM 
mode and the TE mode, lambdaTM, and lambdaTE of the Bragg wavelength are [ an axis of abscissa ] the gain 
peak of the TM mode and the TE mode, respectively). It is based on change of the band structure of a distortion 
quantum well that gain spectrums differ by TE and TM. Thus, it is difficult to choose the oscillation light of a DFB 
laser between the TM mode and the TE mode only by changing only the gain profile of the TE mode and the TM 
mode. For this reason, in the conventional example, design precision was severe and the operating range which 
can be polarization modulated was narrow. Drawing 4 is pouring a carrier into an ununiformity to the gain fields 1 
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arid 2, and shows this relation when changing correlation of the gain of the TE mode and the TM nnode, and 
impressing a reverse bias (for example, — 5V) to a loss field. The peak value of a resonator loss spectrum 
depends on a quantum lockedHn effect [ that the direction of TM becomes small ] (QCSE). Thus, the above- 
mentioned (3) formula can be easily filled with controlling not only a gain spectrum but a resonator loss spectrum. 
[0023] After adjusting the current of the gain fields 1 and 2, and the applied voltage of a loss field so that (3) 
types may be realized in a steady state, there are some approaches among the modulation approaches. 

(1) Impress a signal to a loss field as an electrical potential difference. Since the high-speed modulation by QCSE 
being possible and the carrier distribution in a resonator are kept constant, the advantage of this approach has 
the line breadth of oscillation light in the point made very narrowly. 

(2) Superimpose a signal as a current on both gain both [ one of the two or ] 1 and 2. The advantage of this 
approach is that a modulation circuit is easy. 

(3) , (1), and (2) should put together. The advantage in this case is made to a setup having the advantage of (1) 
and (2). 

[0024] Drawing 5 shows typically the operating current of this example and the conventional example, and the 
relation of line breadth. At the time of a modulation, if the approach of (1) is used in the case of this example, this 
difference will become still more remarkable. Drawing 6 expresses typically the difference in the field of this 
example and the conventional example which can be polarization modulated using the relation of an operating 
current pair optical output. 

[0025] According to this example, it is clear that the following effectiveness is attained. 

1) Modulation effectiveness is high if it is the same optical output. 

2) The optical output range which can be modulated is wide. 
[0026] 

[Example 2] 

(Unsymmetrical distortion quantum well + MQW) The 2nd example is explained below. By optimizing the structure 
of a gain field and a loss field independently in the 1 st example, high performance-ization can be attained further. 
Structure is the same as the 1st example except barrier layer 104a and loss layer 104b. Drawing 7 expresses the 
band structure of a barrier layer, and drawing 8 expresses the band structure of a loss layer, a barrier layer — 
InGaAs and InGaAsP — a well — it has unsymmetrical distortion quantum well structure (the barrier layer 173 is 
GalnAsP) used as layers 171 and 172. this example — InGaAs — a well — a layer 171 (lOnm in thickness) — 
1 .0% of hauling distortion — introducing — InGaAsP — a well — the layer 1 72 (lOnm in 

wavelength;!ambdag=1 .65micrometer, thickness equivalent to an energy gap) and the InGaAsP barrier layer 173 
(lOnm in lambdag=1 .3micrometer, thickness) used double quantum well structure without distortion, moreover, the 
structure of a loss field — a well — a layer 181 consists of InGaAs (1.7% of hauling distortion), in thickness, lOnm 
and the SCH layer 183 consist of InGaAsP (wavelength presentation of 1,2 micrometers) by lOnm and the barrier 
layer 1 82 consisting of IhGaAsRKwavelehgth pre^^ thickhess^ahd thickhess Js. ■ 

;100nm; The number of wells was made into two periods. ; ■ — - i: :. > • 

[0027] Drawing 9 pours a carrier into the gain fields 1 and 2, and shows the relation between the gain when 
carrying out electrical-potential-difference impression and controlling to a loss field, and a loss spectrum. The 
principle of operation is substantially [ as the 1st example ] the same, the range which can be 4 polarization 
modulated becomes [ that the 1 operating current becomes still lower since the difference from the 1st example 
is optimizing the structure of a gain field and a loss field independently, that 2 modulation effectiveness becomes 
still higher, that 3 line breadth becomes still narrower, and ] still larger — it comes out. 
[0028] 
[Example 3] 

(The bulk barrier layer + metal loading +F-K effectiveness) Next, the example which attached importance to the 
ease of manufacture is shown. Drawing 10 is the sectional view of the direction of a resonator of the 3rd example 
of this invention. In drawing 10 , it is shown that it is this function part which is shown with drawing 1 and a same 
sign. It is trichotomized in the direction of a resonator and has become the gain field 1, the gain field 2, and a loss 
field, respectively. Although each field is electrically independent, it has joined together through the common 
lightguide layer 103 optically. Concrete lamination is as follows. 101 — for an n mold InGaAsP lightguide layer and 
104a, an undoping GalnAsP barrier layer and 104b of an undoping GalnAsP loss layer and 105 are [ an n mold InP 
substrate and 102 / an n mold InP cladding layer and 103 / a p mold InP cladding layer and 106 ] p mold InGaAsP 
contact layers. 1 07 is a grating which has lambda / 4 phase shifts which were formed in the boundary of n mold 
cladding layer 102 and n mold lightguide layer 103, 108 is a positive electrode and 109 is the negative electrode. 
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The areflaxia (AR) coat 112 was given to the both-ends side. The pitch of a grating 107 is set up so that the TM 
mode of the Bragg wavelength may become a gain peak. The structure (bulk structure) of barrier layer 104a and 
loss layer 104b presupposed that it is the same in this example. It differs from the 1st example that p mold 
cladding layer 105 is thin at extent which requires electric-field distribution of a loss field for an electrode 108 in 
addition to barrier layer 104a. Consequently, it receives only to the TM mode and has become a loss field. 
[0029] Next, the principle of operation is explained. The relation of the gain (correctly **-g) and resonator loss 
(** -alpha in+alpha M+alpha SC) over the TE mode and the TM mode when pouring in a carrier (-1018cm- 3) 
independently of the gain fields 1 and 2. in order that drawing 1 1 may adjust the phase in DFB mode, and 
impressing a reverse bias (- -5 V) to a loss field is shown (an axis of abscissa is wavelength). Since the bulk 
barrier layer is used, a gain spectrum hardly changes by TE and TM. The peak value of a resonator loss spectrum 
depends [ the direction of TM ] large one on the oppression effectiveness of the TM mode by metal loading. 
Therefore, the above-mentioned (3) formula can be filled with adjusting a grating pitch so that the direction of the 
gain of the TM mode of the Bragg wavelength may become larger than the gain of the TE mode. An Franz-Keldish 
effect can adjust a resonator loss profile by furthermore applying a reverse bias to a loss field. 
[0030] Since a barrier layer and a loss layer are bulk structures, the description original with this example is in the 
point that the semiconductor laser in which a polarization modulation is possible can be obtained by the easy 
work approach. The principle of operation is substantially [ as the 1st example ] the same. 
[0031] 
[Example 4] 

(Those with an application-polarizer to a network) The example which applied the device of this invention to the 
optical network next is described. A polarizer can be arranged to the outgoing radiation side of the device stated 
in the examples 1-3, and only a specific polarization light (for example, TE light) can be taken out. Drawing 1 2 and 
drawing 1 3 are the examples of application to a bus type light network and a ring type light network, and the 
above-mentioned device is carried in the optical nodes 401-406. Since the. semiconductor laser of this invention 
has narrowly stable line breadth, a high density wave length multiplex communication network is realizable by 
combining with the narrow filter of a pass band. 
[0032] 
[Example 5] 

(with no application-polarizer to a network) Since the light of polarization which is different if a polarizer is not 
used can be sent out to coincidence, network multi-functionalization can be achieved using the above-mentioned 
device. For example, in tunable laser and the wavelength multisystem using a wavelength adjustable filter, the 
above-mentioned device can be used with a configuration very simple as the light source for polarization diversity 
by giving a polarization dependency to a wavelength adjustable filter. 

[0033] Although 1 .5-micrometer band has explained the above, other wavelength ranges and ingredient systems 

are also realized similarly. . . 

[0034] 

[Effect of the Invention] As stated above, the semiconductor laser in which the polarization modulation of this 
invention is possible has the following effectiveness. 

(1) The fields (a current, an optical output, operating temperature, wavelength, extinction ratio, etc.) vyhich can 
carry out a direct polarization modulation are large to stability. 

(2) The degree of freedom of a component design is high, and since structure is easy, the manufacture yield is 
high. 

(3) Since [ that the operating current is low ] structure is easy, a component life is long. 
[0035] Moreover, the optical network of this invention has the following effectiveness. 

(1) Since the stability of line breadth of operation of the semiconductor laser in which the polarization modulation 
of this invention is possible is good, it can realize a high density wave length multiplex communication system 
combining the narrow wavelength filter of a pass band. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The direction sectional view of a resonator explaining the 1st example of this invention. 

[Drawing 2] The mimetic diagram explaining the band structure of the barrier layer of the 1st example, and a loss 

layer. 

[Drawing 3] The graphical representation showing the relation of the gain (correctly **-g) and resonator loss over 
the TE mode and the TM mode when pouring a carrier into the gain fields 1 and 2 of the 1st example equally. 
[Drawing 4] The graphical representation showing the relation of the gain (correctly **-g) and resonator loss over 
the TE mode and the TM mode when pouring a carrier into an ununiformity to the gain fields 1 and 2 of the 1st 
example, and changing correlation of the gain of the TE mode and the TM mode, and impressing a reverse bias to 
a loss field. 

[Drawing 5] Drawing having shown typically the operating current of the 1 st example and the conventional 
example, and the relation of line breadth. 

[Drawing 6] Drawing which expressed typically the difference in the field of the 1 st example and the conventional 
example which can be polarization modulated using the relation of an operating current pair optical . output 
[Drawing 7] The mimetic diagram explaining the band structure of the barrier layer of the 2nd example. 
[Drawing 8] The mimetic diagram explaining the band structure of the loss layer of the 2nd example. 
[Drawing 9] The graphical representation showing the relation between the gain when having poured the carrier 
into the gain fields 1 and 2 of the 2nd example, and carrying out electrical-potential-difference impression and 
controlling to a loss field, and a loss spectrum. 

[Drawing 1 0] The direction sectional view of a resonator explaining the 3rd example of this invention. 

[Drawing 11] The graphical representation showing the relation of the gain (correctly **-g) and resonator loss (** 

-alpha in+alpha M+alpha SO) over the TE mode and the TM mode when pouring in a carrier independently of the 

gain fields 1 and 2 of the 3rd example, and impressing a reverse bias to a loss field. 

[Drawing 1 2] The mimetic diagram explaining the example of application to a bus mold network system. 

[Drawing 1 3] The mimetic diagram explaining the example of application to a ring type network system. 

[Drawing 1 4] The mimetic diagram explaining the conventional example. 

[Description of Notations] 

101 Substrate 

v1 02 105 Gladding layer :^;:^:>/ v ; r-MCv : . .sr::::-v-:-.i- . ^ : . : . 

1 03 Lightguide Layer :': - - 

1 04a Barrier layer 
104b Loss layer 

106 Cap Layer 

107 Grating 

108, 108a, 108b, 108c Positive electrode 
109 Negative Electrode 
112 AR Coat 

121 and 181 a well — layer 

122 182 Barrier layer 

123 183 SCH layer 

171 InGaAs Distortion Well Layer 

172 InGaAsP Well Layer 

173 InGaAsP Barrier Layer 
400 Optical Bus Line 
401-406 Optical node 

41 1 -41 6 Terminal unit 



[Translation done.] 
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